(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
18 December 2003 (18.12.2003) 




PCT 



(10) International Publication Number 

WO 03/104317 Al 



(51) International Patent Classification 7 : C08K 3/34, 3/36 

(21) International Application Number: PCT/NO03/00166 

(22) International Filing Date: 22 May 2003 (22.05.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

20022708 



7 June 2002 (07.06.2002) NO 



(71) Applicant (for all designated Slates except US): ELKEM 
ASA [NO/NO]; Hoffsveien 65B, N-0377 Oslo (NO). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SCHMAUCKS, Gerd 

[DE/NO]; Dvalas 43, Alo, N-4640 S0gne (NO). 

(74) Agent: VINDENES, Magne; Elkem ASA Patent Depart- 
ment, P.O. Box 8040, Vagsbygd, N-4675 Kristiansand 
(NO). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, KR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States^ (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, Mt>, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 
r— ( 

m 

r— t 

rn 



(54) Title: ELASTOMERIC RESIN COMPOSITIONS 

(57) Abstract: The present invention relates to elastomeric compounds having a high filler content additionally containg 1 to 400 
% by weight of resin of microsilica as a modifier to improve the processability. Thereafter, the invention relates to a method for 
production of elastomeric compounds having a high filler content, wherein microsilica is added to the elastomeric compounds in an 
amount of I to 400 % by weight of resin as a modifier to improve processability. 
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Technical field: 

5 The present invention relates to new and improved resin compositions and, 
more particularly, to elastomeric resins with high filler loads that have 
improved processability. The method for producing these new and improved 
elastomeric compositions is also disclosed. The invention further relates to 
elastomeric resins having improved flame retardant capability. 

10 Technical Background: 

It is well known to produce elastomeric compounds such as those used in 
seals, gaskets, tyres, cables and other articles made from rubber using 
ingredients like fillers, plastizisers, antioxidants, curatives and others. All these 
compound ingredients are used to receive certain properties of the final article 

15 or are necessary during the manufacturing. But some of these substances do 
influence each other leading to detrimental effects on physical properties or on 
processing behaviour. Functional fillers, for instance some carbon blacks and 
precipitated silicas, are used to improve hardness, tensile strength, tear 
resistance and other desired properties, but they also, especially at high filler 

20 loadings, increase compound viscosity leading to poor processability and 
scorch safety. This has to be balanced out by the incorporation of plastizisers 
and/or process aids. Plastizisers and process aids have, however, a negative 
influence on physical properties, including fire performance and they can 
"bloom out". So far no material is known that could overcome the processing 

25 difficulties of elastomeric resin compositions with high filler loading, and still 
maintaining the desired physical properties. 

It is very difficult to give a precise definition of "high filler loading" as it 
depends very much on the polymer used and on the application of the final 
compound. However, generally if the filler content of a highly filled elastomeric 
30 compounds is increased, the viscosity will increase to a level where the 
processability of the compounds will be strongly reduced. The amount of fillers 
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in highly filled resins can thus, depending on the polymer, vary from about 15 
to about 500 % by weight of resin. 

, t is known to use miorosilica as semi-reinforoing filler in elastomers replacing 
Lance MT (medium thermal, -biacK or calcium silicafe . «~ n hese 
instances microsi,ica has always been used as a replacement to obfa,n a less 
L,y elastomer having the same strength. Thus the total filler load^g has 
never been increased when using miorosilica as a semKeinforcng filler. 

Disclosure of Invention: 

1 1 an object of ,he present invention to provide a highiy filled elastomenc 
, Upound with a low viscosity to g,e a good processability without reducing 
the filler content and without negatively influencing physical propert.es of the 
elastomenc compounds. In some instances the filler content can even be 
ITed without increasing the viscosity and without negatively influencing 
Tphysica, properties. It is further an obiec, to provide elastomenc 
.5 compounds having an improved flame-retardant capab,l,ty. 

According to one aspect the present invention relates to elastomenc 
Z Id* having a high filler content .he elastomenc compound being 
Zctensed in that they additionally contain 1 to 400 % by weight of res.n of 
miorosilica as a modifier to improve the processab,My. 
2 „ According ,o a preferred embodiment the elastomeric compounds contain 5 to 
300 % by weight of resin of microsilica. 

Most preferably the elastomeric compounds contain 10 to 150 % by weight of 
the resin of microsilica. 

According to another aspect the present invention relates to a method for 
25 p eduction o, highly filled elastomenc compounds having a higt .filler — 
he method being characterised in that microsilica is added to the elastome c 
compounds in an amount of 1 to 400 % by weight of resin to .mprove the 
processability. 
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According to a preferred embodiment microsilica is added to the elastomeric 
compounds in an amount of 5 to 300 % by weight of resin. 

For best results microsilica is added to the elastomeric compounds in an 
amount of 10 to 150 % by weight of resin. 

The term microsilica used in the specification and claims of this application is 
particulate amorphous Si0 2 obtained from a process in which silica (quartz) is 
reduced to SiO-gas and the reduction product is oxidised in vapour phase to 
form amorphous silica. Microsilica may contain at least 70% by weight silica 
(Si0 2 ) and has a specific density of 2.1 - 2.3 g/cm 3 and a surface area of 15 - 
40 m 2 /g. The primary particles are substantially spherical and have an 
average size of about 0.15 urn. Microsilica is preferably obtained as a co- 
product in the production of silicon or silicon alloys in electric reduction 
furnaces. In these processes large quantities of microsilica are formed. The 
microsilica is recovered in conventional manner using baghouse filters or 
other collection apparatus. 

The present invention also relates to the use of microsilica as a modifier to 
improve the processability of elastomeric compounds and to the use of 
microsilica to improve the limiting oxygen index of flame retardant elastomeric 
compounds filled with aluminum trihydrate and/or magnesium hydroxide. 

It has surprisingly been found that elastomeric compounds according to the 
present invention have a low viscosity and good processing properties 
compared to elastomeric compounds having the same high filler content, but 
do not contain microsilica. It has further been found that the addition of 
microsilica to elastomeric compounds having a high filler content can be used 
in all types of crosslinking technologies and it is. not decreasing the rate of 
crosslinking in sulphur cured compounds like other siliceous materials such as 
precipitated silica. For elastomeric compounds containing other silica type 
fillers and silane coupling agents, no increase in silane dosage for coupling 
purposes is necessary. Thus in addition to reaching filler loading levels not 
possible so far, the- present invention also allows savings in other compound 
ingredients and in processing costs due to better flow characteristics of the 
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elastomeric compounds. Furthermore the compression set in the highly fi,led 
elastomeric compounds is improved. 

It has also surprisingly been found that in flame retardant elastomeric 
compounds filled with aluminium trihydrate and/or magnesium hydrox.de, the 
add! of miorosilica to such elastomeric compounds results in an mcreased 
limiting oxygen index (LO,) and a stable char is formed when the elastomenc 
compounds filled with aluminum trihydrate and/or magnesium hydrox,de are 
burning. 

The elastomeric compounds according to the invention includes compounds 
based on elastomers like natural rubber (NR), ethylene-propylene-d.ene 
rubber (6PM and EPDM), styrene-butadiene rubber (SBR), acry.on,tr,le- 
butadiene rubber (NBR), poiychloroprene rubber (PCP), speciality poymers 
». acrylate rubber and ethylene viny, acetate copolymer and others and 
b ,ends mereof and aiso compounds based on blends *-S«^"£ 
, thermoplastics, so-calied thermoplastic easterners, andjc^mett^for the 
production of those polymer compositions. 

The term elastomer includes not only traditional elastomeric materials like 

natural rubber or synthetic rubber-like polymers but also blends thereof and 

thermoplastic elastomers. 
20 The manufacturing of the elastomeric compounds can be done using 

conventional processes and equipment like open mi... interna, m.xers of a,. 

types and continuous mixers like single or twin-screw extruders. 

The processing of the elastomeric compounds containing the modifier can be 

done using conventional methods, including but not restricted to extrus.on, 
25 compression moulding, injection moulding and others. 

Detailed description of the invention 
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"ir 100 parts resin (phr) of microsilica was added to a formulation 
based on EPDM rubber containing 140phr calcined Cay together w,th 
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antioxidants, plastiziser and a peroxide cure system. The mixing of the 
compound was carried out in an internal mixer and the samples for the tests 
were press-cured at 180°C for 20 minutes. The results obtained are shown in 
Table 1. For comparison purposes the EPDM rubber without microsilica was 
5 tested in the same way as the compound according to the invention. The tests 
were performed according to the following specifications: Tensile test: S2 DIN 
53504, tear resistance (trouser tear) BS 6469. 

Table 1 



Prior Art Invention 



Measured property 


EPDM rubber with 140phr 
calcined clay filler 


EPDM rubber with 
140 phr calcined clay 
filler and 30phr 
microsilica 


Mooney viscosity @ 
130°C 


45 


47 


Tensile strength, MPa 


7.8 


8.4 


Elongation at break, % 


283 


276 


Tear resistance, N/mm 


2.0 


2.8 


Compression set (1 Omin 
@200°C) in % 


16.6 


16.8 



10 

The results in Table 1 demonstrate that the EPDM rubber according to the 
invention has improved physical properties, especially a remarkable low 
compression set at this high filler level, together with the good processability, 
expressed by the viscosity value, compared to the EPDM rubber without 
15 microsilica. 

Example 2 

A compound based on chloroprene rubber was prepared with 50 phr- 
precipitated silica having a surface area of 125m 2 /g. To the same compound, 
20 phr of the precipitated silica was replaced with 30 phr of microsilica. The 
20 mixing of the compounds was carried out as described in Example 1. The 
specimens for physical tests were press-cured at 180°C for 15 minutes. As 
can be seen from the results in Table 2 it was surprisingly found that the 
replacement of precipitated silica with microsilica decreases the compound 
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viscosity leading to better prooessability while maintaining a high level of 
physical properties. 



Table 2 
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Prior Art 



Invention 



Measured Property 



Mooney viscosity 
120°C 



Chloroprene rubber 
with 50phr 
precipitated silica 



41.0 



Tpnsi le strength, MPa 

— 7\ i - Oi 



Elongation at break, % 



-roar resistance. N/mm 



17.6 



Chloroprene rubber 
with 30phr 
precipitated silica + 
30 phr microsilica 



25.7 



18.1 



742 



12.2 



754 



9.3 



A compound based on. solution SBR and filed with SOphr highly disperse 
^ipld silica having a surface area of 175m=,g was 
20phr microsilica. For comparison purposes a mix contam.ng 100phr of he 
precipitated silica was also prepared. A three step mixing proce ure was u d 
for compounding. The curing of the specimens for physical tests was earned 
out at 160°C for 20 minutes. 

• t^ki^ ThP ahrasion was measured according to 
The results are shown in Table 3. The aorasion 

DIN 53516. 
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Table 3 





Prior Art 


Prior 


Invention 


DroDertv 


SBR containina 
80phr precipitated 
silica 


SBR containing 
100phr precipitated 
silica 


SBR containing 
80phr precipitated 
silica + 20phr 
microsilica 


iviuui icy 

viscosity @ 


82 


117 


87 


Tpn^ile 


21.5 


20.0 


19.5 . 


siren gin, wira 








Elongation at 
break, % 


447 


402 


383 


Tear resistance, 


17.1 


17.9 


22.1 


N/mm 








Shore A 


69 


79 


72 


Hardness 








Abrasion, nm J 


145 


175 


157 



Comparing these results the amazing effect of microsilica on compound 
properties at high filler loading is obvious. Not only that higher filler loading is 
possible without processing problems, but there is also an improvement in 
physical properties not achievable with conventional precipitated silica. 



Example 4 

In a NBR/PVC compound filled with a mix of carbon black N550, calcium 
carbonate and precipitated silica the total filler content was 110phr. This 
compound was modified by addition of 20phr microsilica. The mixing was 
carried out as described in example 1 . The test specimens were press-cured 
at 180°C for 1 5 minutes. The results are shown in Table 4 
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Prior Art 



Invention 



Measured property 



Mooney 
120°C 



viscosity 



Tensile strength, MPa 



15 



Elongation at break, % 
Tear resistance, N/mm 
Oil resistance 24h 
100°C in ASTM-oil No. 2 
Tensile strength, MPa 
Elongation at break, % 



NBR/PVC with 28phr 
precipitated silica 



NBR/PVC with 20phr 
precipitated silica + 
20 phr microsilica 




The results in Table 4 show that the NBR/PVC compound accordmg to the 
invention has a lower viscosity than the prior art compound although t 
contains 12phr more of filler. The results for oil resistance further show that 
the NBR/PVC compound containing microsilica maintains its tensile strength 
and elongation when the compound is subjected to oil at high temperature. 

Example 5 

To a compound based on natural rubber (SIR 20) and filled wrth 50 P hr carbon 
black (N234), SOphr of microsilica was added. For comparison purposes also 
compounds containing 1 OOphr N234 (Comparison 1) and SOphr M234 ♦ SOphr 
precipitated silica (Comparison 2), respectively, were prepared. The mixmg 
was carried out in an internal mixer using a two-step cycle similar to example 
1 The silica and silane containing compounds were mixed using a standard 
three-step procedure as in example 3. The test specimens were press-cured 
for 15 minutes at 150°C. The results are summarised in Table 5. 
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Table 5 

Prior Art Comp. 1 Comp. 2 Invention 



Measured 
property 


SIR 20 with 
50phr carbon 
black N234 


SIR 20 with 
100phr 

carbon black 
N234 


SIR 20 with 
50phr 

carbon black 
N234 + 
50phr 

precipitated 
silica 


SIR 20 with 
50phr 

carbon black 
N234 + 
50phr 
microsilica 


Mooney 
viscosity @ 
100°C 


58.7 


Not 
measurable, 
>220 


106.5 


55.4 


Tensile 
strength, MPa 


29.0 


18.2 


13.8 


21.8 


Elongation at 
break, % 


576 


221 


344 


441 


Hardness, 
Shore A 


63 


88 


71 


73 


Tear 

resistance, 
N/mm 


18.6 


15.7 


4.1 


23.9 



From the results in Table 5 it is obvious that the addition of microsilica allows 
the preparation of compounds not possible with conventional materials. 

One has to keep in mind that no optimisation of compound formulation was 
carried out in the examples listed above. This means that further improvement 
of the properties is possible when additional re-formulation of the recipes are 
done. 
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i~ 1 5 clearly show that the addition of microsilica to 

Example 6 

, This examples iliustrates the effect on microsilica addition on «re performance 
of elastomeric resin compositions. 

To a halogen-free, flame retardant compound based on ethylene viny, acetate 
; 00 ph ) and fllled with 130 phr aluminium trihydrate, 30 phr of m,cros^ca 
were added. The mechanical properties ot the 

three to four times longer than without microsilica addfcon. 
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CLAIMS: 



1. Elastomeric compounds having a high filler content, 
5 characterized in that they additionally contain 1 to 400 % by 

weight of resin of microsilica as a modifier to improve the processability. 

2. Elastomeric compounds according to claim 1, characterized 
i n that they contain 5 to 300 % by weight of resin of microsilica. 

3. Elastomeric compounds according to claim 2, characterized 
10 i n that they contain 1 0 to 1 50 % by weight of resin of microsilica. 

4. A method for production of elastomeric compounds having a high filler 
content, characterized in that microsilica is added to the 
elastomeric compounds in an amount of 1 to 400 % by weight of resin as a 
modifier to improve processability. 

15 5. Method according to claims 4, characterized in that 
microsilica is added to the elastomeric compounds in an amount of 5 to 300 % 
by weight of resin. 

6. Method according to claim 5, characterized in that 
microsilica is added to the elastomeric compounds in an amount of 10 to 150 

20 % by weight of resin. 

7. Use of microsilica as a modifier to improve processability of highly filled 
elastomeric compounds. 



25 



8. Use of microsilica as a modifier to increase the limiting oxygen index of 
flame-retardant elastomeric compounds filled with aluminum trihydrate and/or 
magnesium hydroxide. 
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